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ABSTRACT

Archived wind tunnel test data are avaiiabile for tiyback
booster or other alternate recoverable configurations a3 well
as reusable orbiters studied during initial development
(Phase B) of the Space Shuttle. Considerable wind tunnel

data was acquired by the competing contractors and the NASA
centers for an extensive variety of configurations with an
array of wing and body pltunforms.

All contractor and NASA wind tunnel test data acquired in the
Phase 8 development have been compiled into a database and
are available for applying to current winged flyback or
recoverable booster aerodynamic studies.

The Space Shuttle Phase B Wind Tunne!l Database is structured
by vehicle component and configuration type. Basic
components include the booster, the orbiter and the launch
vehicle.

Booster configuration types include straight and deita wings,
canard, cylindraical, retro-glide and twin body.

Orbiter configuration types include straight and delta wings,
jifting body, drop tanks and double del ta wings.

Launch configuration types include booster and orbiter
components in varitous stacked and tandum combinations.

The digital database consists of 220 fites of data containing
basic tunnel recorded data. Database structure i3 documented
in a series of reports which include configuration sketches
for the various planforms tested.
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1.0 INTRODUCTION

Space Shuttle Development Phases

Development of the Space Transportation System (STS)
encompassed the study of a large number of conceptual
designs and an extensive wind tunnel testing program.

Phases of the development program are identified as:

Phase A - Concept Feasibility Studies - 1969-1970
Phase B - Preliminary Design Studies - 1970-1972

Phase C/D - Design and Development - 1972-1983

During the Phase A and B periods, completely reusable
systems were studied including the “flyback" booster.
However, due to the large cost of the completely
reusable concept, NASA decided at the end of the Phase
8 period to employ an expendable booster design.
Phase C/0D design and development was then concentrated

on a two-stage, parallel-burn booster system concept.

In the development stage (Phase B) of Space Shuttie
design, extensive wind tunnel data were acquired for a
variety of alternate configurations. These data were
accumuliated, converted into standard formats, placed in
a data bank and documented. This work was performed by

the Chrysler Corporation Military public Electronic
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Systems, Michoud Engineering Office under contract to

NASA/MSFC.

Oevelopmental configurations considered for early Space

Shuttlie studies were extremely varied. These included
winged “flyback boosters, “Inline® staged launch
vehicles and various “parallel staged” orbiter-booster
combinations. Wind tunnel models of the various
vehicies were tested both in the launch and entry
configurations. Aerodynamics, airfoads and heat

transfer data were collected and compiled from four
major contractors and paraillel NASA directed studies.

Resulits were documented individually through a series
of NASA technical reports, contractor reports and test
reports. The digital data and associated descriptive
documentation which were archived have been maintained

and are available for ongoing applications.

Current advanced launch vehicle studies are focusing on
many of the approaches considered during original Space
Shuttlie studies. Available wind tunne| data for
configurations similar to those currently being
evaluated can be highly wvaluabie to the preliminary

design engineer.

The archived Phase B data s available to the technicai

community . Extracts of descriptive Information and

10




configuration sketches, and digital test data have been
compiled and are reported herein to tacilitate use of
the large data bank for booster, orbiter and launch

configurations.

Chrysier's Test Database and Archive System

Extensive Chrysler involvement in wind tunnel data
application on NASA programs prior to the Space Shuttle
resulted in deveiopment of complex computer systems for
automating these processes. These processes included
automating the management and database functions in
addition to .automating the engineering data
applications and computer graphics. These combined

functions were reflected in the name DATAMAN.

The Chrysler developed Data Management System (DATAMAN)
was used to develop design applicable aerodynamic data,
generate extensive plots and cross plots, document, and
database wind tunnel test data from the Space Shuttile

Phase B test program under contract to the NASA/MSFC.

Chrysler initiated the DATAMAN project in early 1970
and continued through both the Phase B and Phase C/D
test programz. Extensive management procedures were
devised to effectiviey identify and track the expected

large volumes of data to be generated by a number of

11



contractors, and a variety of Phase B configurations.
Hence, a means of conveying descriptive information
refative to the configurations and associated data was

required.

A ftour digit report identifier was assigned as initial
test inputs were made to the DATAMAN system to track
and report activities on individual tests. For the
Phase B test program, these identifiers were DMS-DR-
1001 through DMS-DR-1278. Thus, approximately 278 sets
of test results were processed, documented, and

databased.

The assignment of identifiers was sequential and they
are,therefore, chronological throughout the Phase B
configuration management . Many other identifiers are
associated with individual tests such as configuration
type, NASA series number, test facility designations

and contractor(s) involved.

Each test was documented in a DATAMAN test data report,
test data were archived in standard DATAMAN formats,
and salient tracking information was compiled. Al
these were disseminated to NASA technical and program
management personnei for technical assessment of the

data and managing the overall test program.

12



r | p se B Tesi{ Database Iinformation

The effort involved extracting and compiling Phase 8
test data contents and descriptive information from the
archived test data bank and documentation file.

Digital database files contained & mix of basic tunnel
recorded data and calculated analysis data used for
graphic displays. These files were reduced to basic
tunnel data and structured by configuration tested and
contractor. A series of catalog reports were assembled
to provide a readily accessibie overview of test
results available for future space transportation

system studies.

These catalog reports are in increasing levels of
detail. The tirst level consists of summary tables
and selected sketches. These enable the user to scan

tor possible applications to his ongoing work.

For a promising ofr likely candidate configuration, the
user can proceed to the second fevel of detail where
all available configuration sketches and test

conditions are compiled.

The third level of detail is the digital data files

where tunnel recorded data resides.

13



2.0 COMPILATION OF PHASE B DATABASE ARCHIVE CONTENTS

mpil in
Results of the Phase B database compilation are

contained in the following tist.

1) Summary catailog report, DMS-DR-01,
containing an overview of database

contents andg availability.

2) A three volume cataiog report,
OMS-DB-02, containing configuration
sketches and conditions tested.
The three volumes correspond to
booster, orbiter and launch test

configurations.

3) A series of magnetic data tapes
containing avaitlable digital files.
These are also structured by

configuration and are described in

transmittal documents ODMS-TD-01
through 03, corresponding to
booster, orbiter and launch test

configurations, respectively.

14



4) A directory database information file
formatted for the R-base relational

database system.

Documentation of the contents of the database is

contained in two reportsi pMS-08-01 and pMsS-DB-02.

Summary volume

The first document (DMS-0B-01) is & single volume
summary report containing planform line drawings of
the wvarious configurations tested during the Space
Shuttle Phase B program. Tabular information from
the directory file i {ncluded and is divided by
component (booster. orbiter and jaunch) and by

test discipline (aerodynamics. airloads and heat

transfer).

Mode! and Test information

The second document (DMS-D8-02) is a three volume
report containing extracts from the individual test
data reports. At line drawings and co'tation
sheets/run schedules are included. The three voilumes
correspond to the three component classifications;
booster. orbiter and taunch, respectively. A series
of tabular information {from the directory file provide

an ocutline of available test intormation.

15



Structure of the tabies and sketches s by component
and test discipline with sorting by configuration and
.contractor. Each booster and each orbiter
configuration tested are assigned a 2-character code
for purposes of grouping and sorting.

These codes are

General .
Loge Confiquration
Booster - g1 Canard
B2 Cylindrical
83 Delta Wing
B4 Straight Wing
85 Unigque
Orbiter - 01 Deita Body
02 Deilta Wing
03 Straighnt Wing
04 Unique
Launch configurations tested are tdentified by a
combination of the above codes. Test information is
also sorted by individual contractors and NASA
centers. Acronyms for these contractors and test
facilities &re presented in the frontispiece.
It should be noted that individuyal tests may be
tdentified as multiple configurations., For example,

booster ang orbiter alone data may have been taken
aiong with launch configurations in a single test.
The test would 4ppear in the tabular listings for ai}
applicable classifications, but line drawings and run
schedules would be tncluded only n the launch

section. Cross references are provided in the Index

16



of Figures for this case and also where multiple
booster oOf orbiter configuration codes were involved

in the same test.

Directory information displayed in tables 1, 3. 4 and

6 provide information only for the component
documented in that individual volume. Tables 2 and 5
display information for all tests and components. An

outiine of the contents of the three volumes {8

iliustrated in the Index of Tabies.

gugntal Database

The digital database also follows the structure of

table 1. Database contents represent data &3 received

from the test facility. However, tor some tests an
additional, calcuiated, coefticient schedule i s
included. These additional schedules are mainiy a

-

second ax1$ system of extract data trom a multi-
balance test. Individual datasets within a tfile are
encoded with the configuration code in the header

information.

Test data are stored on tive magnetic data tapes.

These tapes are g-track, 6250 FP1, ASCIiI tormat.

17



File contents are:

Contfig.
Tape#s Component #Files #Datasets Codes
1 Booster - Aerodynamics 53 4,216 B1-BS
2 Orbiter - Aerodynamics 89 4,500 01+02
3 Orbiter - Aerodynamics 20 1,962 03+04
4 Launch - Aerodynamics 34 4,034 B81-8B3
5 Launch - Aerodynamics 19 637 B4+85
- Airloads 4 1,182 ALL
- Heat Transfer 1 21 ALL
Total 220 16,552
Specific test locations on the digital database are

shown in table 6.

Directory File

The directory data file was constructed to assist in
the categorization of tests and to generate tabular

reports.

Information was extracted from existing administrative
reports and from individual test data reports. The
file was created using the R-base relational database
system by Microrim. A description of the table

information is as follows:
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Table: oM —0ORE
Re2ad puusward: NGO
Modl fy Passward: NO
Calumn dafinitions
£ Name Typa
1 QR TEXT
2 CRE TEXT
3 THxt TEXT
4 NSHN TEXT
5 ¢uOL TEXT
& voLsd TEXT
7 eUC.DATE TEXT
8 LINEF TEXT
9 TESTTYPE TEXT
10 Conv TEXT
11 E&CC TEXT
12 ocC TEXT
13 E-CODE TEXT
14 G-CONTRA TEXT
15 O-CODE TEXT
16 O-CONTRA TERT
17 FnC TEXT
13 TUid TCEXT
19 TERTHE TEXT
20 FAC-THETH TEXT
1 MACH TEXT
Z2 sCalk TEXT
23 orns—-~0DE TEXT
z4q B-TYPE TEXT
o O-TYPE TEXT
24 CONFIG TEXT
27 PUNPAOSE TEXT
28 TITLE TEXT
29 PROJ.ENG TEXT
30 OMS—~ENG TEXT
31 COMMENTS TEXT

Length (Characters)

&

8
12
14
1

1
13
1
15
7

3

3
15
10
15
10
5

6
15
26
15
12
6
23
33
220
150
250
175
30
150

Curreat Number af rows:

488

Description

DATAMAN Report Number
Contractor Report Number
NASA TMX Report Number

NASA Test Series Number
Number of Report Volumes
Report Volume Number

Report Publication Date
Print Key for Tabular Report

Test Discipline

Test Component

Booster Configuration Cade
Orbiter Configuration fode
Booster Classification
Booster Model Contractor
Orbiter Classification
Orbiter Model Comtractor

Test Facility

Test Wind Tunnel

Facility Test Number

Facility, Tunnel, Facility Test Number
Mach Number Range

Model Scale

Two Character Dataset Identifier
Booster Configuration Type

Orbiter Configuration Type

Description of Configurations Tested

Major Test Purpose
Data Report Title

Contractor/NASA Test Engineers
DATAMAN Cognizant Engineers

Directory File Comments/Exceptions



.6 Guide to Phase 8 Qatabase Use

Users of the Chrysiler Phase B database have varying

levels of detail available for review. A typicai
application is to investigate similarities between
current preliminary configuration designs and
configurations tested during Phase B. As an example,

current applications may be representative of & winged
flyback booster with canards. To research this
configuration the user could follow the steps

illustrated beiow:

Step 1 - DMS-0B-~-01, Summary Report; This report would be

reviewed to identify configurations of interest
and corresponding configuration types and

contractors.

INDEX OF MODEL FIGURLS - BOOSTER

PAGE NUMSER

Booster Type Contracsor Aeragvmamics  Airloacs reat “ransfer
CANARD MOAC A-1-1 8-1-1 C-1-1
MOAC/MMC A-1-4
MSFC A-1-5
T8C A-1-6
CYLINORICAL GD/C A-1-7
LMSC A-1-8




ORIGINAL PAGE 1S
OF POOR QUALITY

Step 2 - Jable 1, DMS-DB-01, Summary Report;: Using the
conf\guration type and contractors‘identified
above, a list of applicable tests I8 obtained.

Tanle 1.1.3
Space Shuttle Phase o uing Tunnel Test
Catanase Summery
Sevttar Asvesynamics
coot conf G 1 ® m’.‘c'ﬂ. ul-o.. MACK aansd (713181 4J [=._ 4% scaLE W‘“-‘“"‘ et
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V/_\ oG mec / suoc $8C B0OOSY
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Step 3

DMS—DB-OZ. Voli.l, Booster Confiaurstion; tocate

the mode | sketches and test conditions and

parumeters.

INDEX OF FIGURES
BOOSTER AEROOYNAMICS

BOOSTER
CONFIG. BOOSTER
CODE CONTRACTOR pmMs-0R ¢ PAGE NUMBER
81 MDAC 1038 A=t
81 MDAC 1108 ggg C-1-22
81 MOAC 1139 A-1-133
81 MODAC /MMC 1054 A-1-45
B1 MOAC /MMC 1066 A-1-64
-3 MOAC /MMC 1077 A-1-78
B1 MDAC /MMC

DAC/MMC
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Step 4a- Dataset/Run Number Collation Summary; Examine
—=2.100 Summary

collation Sheets to determine test Mach range,

angle ot attack/sideslip ranges, configurations

and control surfaces/parametric conditions.

CONFIGURATIONS FACILITY TEST ]
TESTED UMBER
PARAMETR]IC
A e CONDITIONS
GITAL
MACH
DATA?"SE [ Lnutsers
1. OtLia wing so0sTER
TEST w6644 DATA fTT/nuN NunaeEa :g:fuc Act~ 304
CoLLaTIONBUMMARY
Qracrese
S rosrresy
tats 3ey nrtcuasrson sCn. COTYIL prPLICTTYY e L Mot
i N N LT R foai 0. iy 3o sioaly s Iv s I 2"~ T 4 L
2 SEULUT T 434 0f of af o o e L W S Y 241
11 10] o 9f .10 - ) 10 ¢ 7 §
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- I le 19l 194 10f 10 1 20! 98] 7] s
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1 I 20 3 winia
232 | 1liufwlin)ely
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237 41113 < DNEYYEY) YN EY) :
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ORIGINAL PAGE 5
OF POOR QuALmTY
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Examine configuration

Step 4b- ggnfiguration Sketches:

sketches to obtain mode |

and aerodynamic details

such as mode | dimensions, wing type, canard

surfaces, tail surfaces, body shape,etc.

CANARD 8003TEA
HOAC
[LITRY 213 A=t- 2

[ o
—
- oa

J — e 3
A op=y SWEL
masrtag
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Step 5 - Table 2, DMS-DB-02. Vol 1; Refer to table to

determine publication availability: data

report, contractor report or NASA publication.

Table 2

Seace Shettie Phose § Wine Tuneei
Test Oatan:sa Liste by (NAYsier
Aepert Mmner

BATAwaA
waea aasa Naga
({111} voLuwe en s veweLe
[ B tY nvwege [T 111 [T Sumeen PACILITY TEST wumeew »

111] S1ee2-qt001 108,180 Land WEPC 1aTwr eg (L (1] {]

1802 90008 [} - .03 ARC 3. Srews 'lw
S ————

™ A
1938 90532 1 103,188 - NALAG LAWY o332 osnusrem
Llll esee ' ten. e - nAC LEWF 9384 l“lm

1638 LT RE. T1D] ] -— L LARC . SVONT 160179 208-2122 LAavaCH
—" e ———— - LASGC SVORT 147-170,.200-002 snos

Step 6 - Test Documentation; Refer to test documentation

to obtain test procedures, model description and

data presentation.

~8PALCE BrasTTLE -

Wb TUeul. TRET AEBMA. TS
Dava meronT

oEcusan, wro

CABTRACT nasbante
L L T
= 104 00

BADSAC SPACE GuTNLE

AsRreaOneese? 130

ARROTHENWMOD Vet
BAYA ManaSIMNENT SveTEM Hanwrais
SPack ruanr cantem
——C ema
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Step 7 - iqgital Database, Table 2 in OMS~-DB-01 (Table 6 in
OMS-DB-02) the user, after determining
qpplicability, can access the test data from the
digital database files for further analysis and
application.

TABLE 2.1
SPACE SHUTTLE PHASE B
DIGITAL DATABASE
B800STER AERODYNAMICS
FILE 2-CHAR. / !
] 8ccC B-CONTRA OR# COCE p/S's RECCROS
1 81 MDAC 1035 cc 69 967
2 1 1137 N2 574 £037
3 MDAC/MMC 1054 CE 203 2185
4 1066 AD 86 1033
c -
V -y 1077 C2 — 1057 -

25



3.0 NOMENCLATURE AND AX!S SYSTEMS

A standard set of nomenclature and axis systems
definitions for DATAMAN reports were established
during the Phase B test period. They were compiied
from inputs from the various contractors and test
facilities involved in the test program and are shown

on the following pages.

Additions to the standards were required for
individual tests due to the many configurations
investigated. These additions are documented in the

individual test data reports.

Numerous reference dimensions and moment reference

center locations were used by the varius contractors

for the many configurations tested. Model reference
dimensions and moment center locations for each
configuration are described in the individual test
data reports. This information is also contained in

the header block of each dataset on the digital

database.
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SYMBOL

= 4? [

oo

RN/L

v 6 € W™ R =

n 0y, n o X
. a
R

SUBSCRIZTS

gt w HoO

NOMENCLATURE

Genersl
SADSAC
SYMBOL DEFINITION
speed of sound; p/sec, ft/sec
CP pressure coefficient; ( - Pw)/q
MACH Mech number; V/a
pressure; N/m2, pst
Q(N=M) dynemic pressure; 1/20V°, N/m>, psf
Q(PSF)
RN/L unit Reynolds numper; peTr o, per ft
velocity; m/sec, ft/sec
ALPHA angle of attack, degrees
BETA angle of sideslip, degrees
PSI angle of ysv, degrees
3308 angle of roll, degrees
mAss density; ke/m3, slugs/ft3
Reference & C.G. Definitions
base eres; =2, £42
EREF ving spen or reference spen; m, Tt
center of gravity
LREF reference length or ving meen
gperodynamic chord; B, ft
SREF vwing eres or reference sres; m2, £t
MRP moment reference point
XMRP moment refereance point on X axis
™RP moment reference point on Y axis
2MRP moment reference point on Z sxis
base
locel

gtastic conditions
total conditions
free stresm

27
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NOMENCLATURE (Continued)
Body-Axis System

SADSAC
SYMBOL DEFINITION
! normsl-force coefficient; norzal force
qS
CA "xial-force coefficient; axisl force
qS
cY ¢ide-force coefficient; EiEEFEEEEE
qv
CAD base-force coefficient; EZES:EEIEE
qv
“Ap{Py - Po)/as
CAF foretody uxiul force coefficient, Ca - cAb
M pitching-moment coefficient; PRLtchinz moment
aSlper
e yewing-moment coefficient; xgyinw-;:ment
qs
caL rolling-moment ccefficient; tcllinsbmczenc
qs
Stsbilitv-Ads Systen
cL 11t coefficlent; 1if%
qS
CD drog coelflirient; sg
qS
CDB base-drap comfficient; baze drag
q5
CCF forebody drag coefficient: Cpy - C&“
cY side-force coefficient; Eléf_égfﬁi
q<
CIM pltching-moment coerficient; PRitching mcment
aslrer
oL Yavinz-moment coefficient; xgwinzcgoment
qy
TL rolling-moment coefficient; rollig: zoment
q
L/D lift-to-drog ratio: C/Cp

28
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TABLE 5.2

SPACE SHUTTLE PHASE B
DIGITAL DATABASE
ORBITER AERODYNAMICS

W OO N OB W N
1~

WO NN N N N RN N RN N e e e b e e e
OKO(D\IO\U\«DwNHOlOCD\IO\meNHS

W
—

2-CHAR. | ¥ #
0-CONTRA DR# CODE 0/S's | RECORDS
ﬁ—:———_'_—w

- GAC 1005 c3 30 251
LMSC 1103 M2 52 625
1147 ME 98 1079

1157 MG 21 295

1169 M1 84 1009

GAC 1053 cL 22 232
1081 cQ 43 431

1142 CM 66 661

1159 cT 48 491

1161 CR 16 161

1163 cs 33 331

1184 49 19 547

1189 M (L) 52 651

1194 MQ 44 610

1195 MN(T) 26 313

1196 MN(U) 30 361

1203 MR 18 226

1211 MS 9 127

1216 MP 14 197

LARC 1123 LT 180 2071
1168 M5 60 631

1199 MX 117 1639

1229 97 43 603

1232 P9 22 309

1233 PA 12 169

1235 o 20 281

1268 oM 27 379

Y 1270 oN 22 309
LMSC 1153 36 46 645
l 1201 41 81 1135
1254 69 98 1324
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TABLE 6.2 (Continued)

SPACE SHUTTLE PHASE 8
DIGITAL DATABASE
ORBITER AERODYNAMICS

FILE | 2-CHAR. # #
¢ occ 0-CONTRA DR# CODE 0/S's | RECORDS
32 p2/93 MDAC 1028 A9 98 1177
33 92 1040 CB 42 442
34 1041 CF 36 379
35 1067 cP 82 903
36 1071 AM/AU 92 967
37 92/93 1072 AJ 104 1041
38 92 1074 CN 59 650
39 1083 AT 34 409
40 1086 Lz 20 231
41 1094 AX 56 729
42 1149 MF 32 385
43 1151 M4 32 449
a4 1171 MJ 84 984
45 1172 ML 18 223
46 1173 MK 10 141
47 b { 1175 LY 30 421
48 MMC 1003 17 18 208
49 1009 L2 14 141
50 1013 L3 9 118
51 1022 L8 30 391
52 1023 LA 28 337
53 1045 LF 48 553
54 1048 LA 6 85
55 Y 1059 LH 56 645
56 MSC. 1186 52 54 757
57 1202 BE 65 911
58 1215 p1 86 1033
59 1218 p6 28 393
60 Y 4 1219 ps 45 631




TABLE 6.2 (Continued)

SPACE SHUTTLE PHASE B
DIGITAL DATABASE
ORBITER AERODYNAMICS

FILE 2-CHAR. # $
# occ 0-CONTRA DR# CODE 0/S's | RECORDS
M#
61 92 MSC 1221 GB 130 1431
62 1243 62 60 745
63 1250 BF 34 477
64 1258 oF 62 838
65 1 1274 74 4 57
66 1 NR_ 1021 A3 44 507
67 22/03 1026 AE 52 625
68 1 1027 21 254 2922
69 92 1031 A4 38 419
70 \ 1037 cs 58 813
71 92/03 1043 23 76 875
72 1 1076 27 173 2015
73 02 1078 AF /AE 55 653
74 1084 LQ 74 §52
75 1088 LV 22 254
76 1092 RT 6 79
77 1095 LU 34 396
78 1096 LP 44 551
79 1097 MO 20 271
80 Y 1101 M7 34 392
81 p2/83 1104 AK 91 1072
82 92 1105 LD 54 649
83 1106 " LN 27 379
84 1107 M1 24 289
85 1113 M9 54 622
86 1114 26 4 53
87 1124 ¢ 108 1297
88 1126 29 a4 507
89 [ Y 1144 MD 30 381




TABLE 6.2 (Concluded)
SPACE SHUTTLE PHASE B

DIGITAL DATABASE

ORBITER AERODYNAMICS

FILE 2-CHAR. | & y
i oce 0-CONTRA DR# CODE D/S's | RECORDS
1 23 MDAC 1090 co 231 2542
2 i MSC 1002 A6 148 1555
3 1004 L1 58 668
4 1007 c1 149 1491
5 1008 61 26 313
6 1011 A7 42 463
7 1012 AS 36 397
8 1057 63 158 1581
9 1060 G6 163 1794
10 1062 67 62 651
11 1073 62 86 990
12 ! 1205 69 180 2341
13 R 1010 ca 108 1513
12 B 1034 CG 90 1141
15 1049 L9 46 645
16 1064 LD 18 208
17 1069 LI 118 1340
18 V ! 1082 AF/AE 158 1853
19 24 GAC 1112 BB 21 252

20  { LARC 1018 L7 64 737
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APPENDIX B-1

MODEL FIGURES
ORBITER AERODYNAMICS
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